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ABSTRACT: 

PURPOSE: To obtain a detection agent which can be widely applied to a hazardous gas constituent by using 
bismuth chloride as a discoloration constituent. 

CONSTITUTION: Bismuth chloride is a colorless or white substance and is discolored to black when it contacts 
volatile inorganic hydride such as arsine or phosphine. Also, it detects volatile inorganic halide such as phosphor 
chloride and arsenic chloride, volatile amine compound such as trimethylamine, and organic metal compound such 
as metal alkyl compound and metal alcoxide. Bismuth chloride is chemically stable and is not toxic and is filled 
into a column as a power or is carried on a proper carrier. Also, acid or base indicator is mixed with bismuth 
chloride, thus especially improving the detection sensitivity for silicon compound such as silane. 



FULL CONTENTS 



[Claim(s)] 

[Claim 1] The detection agent of the harmful gas characterized by using bismuth chloride as a discoloration 
component; 

[Claim 2] The detection agent of the harmful gas characterized by using the mixture of bismuth chloride, and an 
acidity or a basic indicator as a principal component. 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the detection agent for detecting in detail the harmful gas 

component dealt with in a semiconductor mill etc. about the detection agent of harmful gas. 

[0002] 

[Description of the Prior Art] Various gas which has an offensive odor, the danger of explosion or the toxicity to a 
human body, etc., such as volatile inorganic matter hydride, volatile inorganic matter halide, a volatile amine 
compound, and an organometallic compound, is dealt with in the semiconductor mill in recent years. Therefore, 
measures, such as disclosure prevention of these harmful gas and damage elimination of the exhaust gas containing 
these harmful gas, are taken. 

[0003] In disclosure prevention and the damage elimination measure of said harmful gas, even when these harmful 
gas exists in a minute amount, in order to detect, it is considered as a way stage which various kinds of detection 
agents are used, for example, detects disclosure of harmful gas simple from the former, and the method of 
depending on the indicator tube filled up with the detection agent is known. Moreover, after carrying out damage 
elimination treatment of the exhaust gas containing said harmful gas by the damage elimination pipe filled up with 
the damage elimination agent, also in order to check that exhaust gas is eliminated appropriately, circulating the 
exhaust gas after processing to the indicator tube filled up with the detection agent is performed. 
[0004] From the former, research and development have been briskly done about the detection agent for mainly 
detecting volatile inorganic matter hydride, such as Silang, arsine, and phosphine. For example, the thing with 
which the reaction principal component mixed copper salt, nickel salt, or zinc salt to gold salt (JP,H2-32254,A, a 
5-60126 gazette, 5-226008 gazette), What uses basic copper carbonate as a reaction principal component 
(JP,H4-79576,B), What uses copper salt of an organic acid as a reaction principal component (JP,H4-79577,B), 
What uses the mixture of cupric salt and palladium salt as a reaction principal component (JP,H4-79578,B), The 
detection agent of a large number, such as what uses copper nitrate as a reaction principal component 
(JP,H4-97752,A), and a thing (JP,S62-19765,A) which uses acidity and a basic indicator as a reaction principal 
component, is known. 
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[0005] However, although what used the mixture of cupric salt and gold salt as the reaction principal component is 
indicated in JP,H2-1 10369,A and a 2-1 10370 gazette about the detection agent of the organometallic compound, 
the actual condition is that development is behind. 
[0006] 

[Problem(s) to be Solved by the Invention] Said conventional various detection agents have merits and demerits, 
respectively, and there is no proper detection agent about the organometallic compound in which proper use is 
required for and the amount used has been increasing with environment, detection target gas, etc. recently. 
[0007] For example, the thing using gold salt is unstable with light or heat, it is easy to become a reaction principal 
component, there is a problem of being easy to mistake judgment, and there is un-arranging [ of it being returned 
by hydrogen gas and discolored especially in black ]. Moreover, what uses copper salt as a reaction principal 
component has blunt discoloration sensitivity, especially basic copper carbonate has strong toxicity, and handling 
takes cautions to it. 

[0008] Furthermore, when the organometallic compound was contained in exhaust gas, there was also a problem of 

requiring time and effort and cost, such as needing the tools of analysis of exhaust gas. 

[0009] Then, this invention aims at offering a detection agent widely applicable to the harmful gas component 

currently generally [ volatile inorganic matter hydride, volatile inorganic matter halide, a volatile amine compound, 

an organometallic compound, etc. ] used in a semiconductor mill etc. 

[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the detection agent of the harmful 
gas of this invention is characterized by using bismuth chloride (BiC13) as a discoloration component, and is 
further characterized by using the mixture of bismuth chloride, and an acidity or a basic indicator as a principal 
component. 

[001 1] The above-mentioned bismuth chloride is a colorless or white substance, and if this contacts volatile 
inorganic matter hydride, such as arsine and phosphine, it will be discolored black promptly. Moreover, bismuth 
chloride is not discolored even if it is a stable compound chemically, handling is also easy since there is also no 
toxicity, and it contacts hydrogen gas. 

[0012] In addition, bismuth chloride has detectability also to organometallic compounds, such as metal alkyl 
compound metallurgy group alkoxide, etc. in volatile amine compounds, such as volatile inorganic matter halide, 
such as not only volatile inorganic matter hydride but a phosphorous chloride, and an arsenic chloride, and 
trimethylamine, and a pan. 

[0013] It can be used making a proper carrier with powder able to support this bismuth chloride, and this is usually 
filled up with and used for it into a cylinder (column) at least with a transparent part. 

[0014] On the other hand, bismuth chloride can aim at improvement of sensitivity to a silicon compound by mixing 
acidity or a basic indicator to bismuth chloride to silicon compounds, such as Silang which is a kind of volatile 
inorganic matter hydride, although discoloration is slightly blunt, when it uses independently. Therefore, what is 
necessary is just to choose mixing of acidity or a basic indicator according to a possibility that the Silang system 
compound is contained in exhaust gas. 

[001 5] In addition, what is widely used from the former as acidity or a basic indicator can be used. For example, 
meta-nil yellow, thymol blue, sodium para diphenylaminoazobenzene sulfonate, 2, and 2-dinitrophenol, Methyl 
yellow, Bromophenol Blue, methyl orange, Congo Red, Alizarin S, bromocresol green, 2, 5-dinitrophenol, Methyl 
Red, RAKUMOIDO, p-nitrophenol, Chlorophenol Red, Bromocresol purple, bromothymol blue, Phenol Red, 
Rosolic acid, neutral red, cresol red, phenolphthalein, o-cresol phthalein, thymolphthalein, alizarin yellow GG, 
Tropeoline O, nitramine, 1,3,5-trinitrobenzene, xylene cyanol FF, methylene blue, litmus, etc. can be used. 
[0016] 

[Example] The work example and comparative example of this invention are explained hereafter. 
After dissolving work-example 1 bismuth chloride in ethanol, the silica gel (it is [ the carry act 10 by Fuji 
SHIRISHIA and the following ] the same) was infiltrated, and it was considered as the detection agent which 
carried out suction drying at 40 degrees C for 5 hours, and made the silica gel support bismuth chloride. The 
content of bismuth chloride at this time was 1 weight %. The column with an inside diameter of 30mm was filled 
up with this detection agent, and when hydrogen gas containing 10 ppm of phosphine was passed, it changed black 
about 1 minute after white. 

[0017] After having melted work-example 2 methyl orange to hot water, infiltrating the silica gel and carrying out 
suction drying at 40 degrees C for 5 hours, the ethanol solution of bismuth chloride was infiltrated ftirther and it 
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was considered as the detection agent which is made to carry out suction drying at 40 degrees C for 5 hours, and 
consists of a mixture of bismuth chloride and an indicator. 

[0018] The column with an inside diameter of 30mm was filled up with this detection agent like the work example 
1, and when hydrogen gas containing 10 ppm of phosphine was passed, it changed to red black about 1 minute 
after yellow. Moreover, when hydrogen gas including 10 ppm of Silang was passed, it changed to red about 2 
minutes after yellow. 

[0019] After melting work-example 3 bismuth chloride and phenolphthalein to ethanol and infiltrating a silica gel, 
suction drying was carried out at 40 degrees C for 5 hours, and it was considered as the detection agent which 
consists of a mixture of bismuth chloride and an indicator. The column with an inside diameter of 30mm was filled 
up with this detection agent like the work example 1, and when hydrogen gas containing 10 ppm of phosphine was 
passed, it changed black about 1 minute after white. 

[0020] After melting comparative example 1 chloroauric acid and copper sulfate in water and infiltrating a silica 
gel, suction drying was carried out at 40 degrees C for 5 hours, and it was considered as the detection agent. The 
chloroauric acid at this time and the content of copper sulfate were 0.1 weight % and 1 weight %, respectively. In 
addition, since it will be discolored in black shortly after there is much quantity of chloroauric acid, chloroauric 
acid is lessened slightly. 

[0021] The column with an inside diameter of 30mm was filled up with this detection agent like the work example 
1, and although hydrogen gas containing 10 ppm of phosphine was passed, about 30 minutes was taken to change 
from white black. Moreover, in the case of hydrogen gas including 10 ppm of Silang, about 60 minutes was taken 
to change from white black. 

[0022] Comparative example 2 basic copper carbonate was sprinkled on the silica gel, suction drying was carried 
out at 40 degrees C for 5 hours, and it was considered as the detection agent. The content of basic copper carbonate 
at this time was 1 weight %. The column with an inside diameter of 30mm was filled up with this detection agent 
like the work example 1, and although hydrogen gas containing 10 ppm of phosphine was passed, about 10 
minutes was taken to change from a light green color black. 

[0023] After melting comparative example 3 copper nitrate in water and infiltrating a silica gel, suction drying was 
carried out at 40 degrees C for 5 hours, and it was considered as the detection agent. The content of copper nitrate 
at this time was 1 weight %. The column with an inside diameter of 30mm was filled up with this detection agent 
like the work example 1, and although hydrogen gas containing 10 ppm of phosphine was passed, about 60 
minutes was taken to change from blue black. Moreover, about 60 minutes was taken to change from blue black 
also in hydrogen gas including 10 ppm of Silang. 

[0024] As work-example 4 harmful gas component The dichlorosilane of arsine of the volatile inorganic matter 
hydride, and the volatile inorganic matter halide, and boron trichloride, The discoloration situation of the detection 
agent (detection agent 1) of a work example 1 and the detection agent (detection agent 2) of a work example 2 was 
observed using the hydrogen gas which contains tertiary butyl arsine of the organometallic compounds, and 10 
ppm of trimethylaluminums, respectively. The result is shown below. 
[0025] 

Harmful gas component Detection agent 1 Detection agent 2 Arsine.White -> black (1 minute) Yellow -> black (1 
minute) 

Dichlorosilane White -> black (5 minutes) Yellow -> **** (3 minutes) 
Boron trichloride White -> black (5 minutes) Yellow -> **** (3 minutes) 
Tertiary butyl arsine White -> black (2 minutes) Yellow -> black (2 minutes) 
Trimethylaluminum White -> black (2 minutes) Yellow -> black (2 minutes) 

[0026] As harmful gas containing a work-example 5 volatile-amine compound, the discoloration situation of the 
detection agent of a work example 3 was observed using the hydrogen gas which contains ammonia and 10 ppm of 
trimethylamine, respectively. As a result, in any [ of ammonia and trimethylamine ] case, it changed to pink about 2 
minutes after white. 
[0027] 

[Effect of the Invention] The detection agent of the harmful gas which uses bismuth chloride of this invention as a 
discoloration component as explained above, By mixing with acidity or a basic indicator and using if needed, 
various harmful gas components, such as volatile inorganic matter hydride, volatile inorganic matter halide, a 
volatile amine compound, and an organometallic compound, are certainly detectable. Moreover, it is a stable 
compound chemically, and since there is also no toxicity, handling is also easy. 
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